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ABSTRACT

There is a logicd link between changes in hydrology and impacts on watershed hedth, whether those
impacts are in the form of flooding or aquetic habitat degradation. The link is the volume of surface runoff
that is created by human activities as the result of dteration of the naturd landscape (i.e, through removd
of soils, vegetation and trees). When trees, vegetation and soils are replaced by roads and buildings, less
ranfal infiltrates into the ground or is taken up by vegetaion, which results in more rainfal becoming
surface runoff. The key to protecting urban watershed hedlth is to maintain the water balance as close to the
naturd condition as is achievable and feasble by preserving and/or restoring soils, vegetation and trees.
But accomplishing this requires mgor changes in the way we gpproach urban drainage and in the way we
devdop land. Dranage engineers have traditionaly thought of reconciling pre- and post-development
runoff in terms of flow rates, not volumes. At the sSte leve, however, we need to focus on how much
ranfal volume has fdlen, how to capture the excess, and what to do with it. The Province of British
Columbia in the Pecific Northwest is leading the way in North America in developing and implementing
innovaive criteria and methodologies for reducing excess runoff volumes a the source, where rain fdls.
Science-based performance objectives and targets have been established to mimic the hydrology of a naturd
forest. Peformance targets are being implemented through demongration projects, notably a two large-
scale ‘ sustainable communities :

o UniverCity - A high-dengty urban community that is being developed by Smon Fraser Univerdty to
house 10,000 people at the top of Burnaby Mountain in the heart of the Greater Vancouver urban region

0 Headwaters - A medium-densty resdentid community that is being developed to house 14,000 people
in the East Clayton area of the City of Surrey, a suburban municipdity in the Grester Vancouver region
that isthe Province' s second largest city (with a population 300,000).

Through an Inter-Governmenta Partnership, a decison support tool caled the Water Balance Moddl for
British Columbia is beng enhanced to hep loca governments integrate land use planning with volume-
based andysis of sormwater management drategies. The WBM is used to evaduate the potentid for
developing or redeveloping communities that function hydrologicdly like naturdly forested or vegetated
sysems. The tool creates an undersanding of how, and how well, stormwater source control Strategies for
runoff reduction would be expected to achieve watershed protection and/or restoration objectives.



What Can be Done at the Site Level to Protect Watershed Health

The Logical Link

There is a logicd link between changes in hydrology and impacts on watershed hedth, whether those
impacts are in the form of flooding or aquétic habitat degradation. The link is the volume of surface runoff
that is created by human activities as the result of dteration of the naturd landscape. The key to protecting
urban watershed hedlth is to maintain the water balance as close to the natural condition as is achievable and
feasible by presarving and restoring soils, vegetation and trees.  Accomplishing this requires mgor changes
in the way we approach urban drainage and in the way we develop land. In the future, there will be more
runoff volume to manage in the urban regions of British Columbia due to the combination of:

o Population Growth - resulting in more land development plus re-development and densification of
existing urbanized areas

a Climate/Weather Change - likely resulting in both increased seasonal rainfall and more frequent
‘cloudbursts’

The financid and daff resources of loca government are limited. Therefore, those resources must be
invested wisdy to maximize the return-on-effort.  Common sense says that the best return will be a the ste
levdl where locd government exerts the mogt influence, and can therefore make a cumuldive difference at
the watershed scae. The term ‘source control’ is used in this context to describe the suite of drategies
available to capture and retain rainfal volume at the development ste.

Water Balance Model for British Columbia

The practice of low impact development often involves efforts to reduce the impacts of stormwater runoff
udng vaious types of source controls desgned to minimize runoff volumes. The effectiveness of these
source controls varies with their design, with precipitation patterns, and with soil type, among other factors.

The overdl performance of these source controls is obvioudy of great interest to developers, homeowners
and locd governments dike.

In June 2002, the British Columbia Ministry of Water, Land and Air Protection published the document
Sormwater Planning: A Guidebook for British Columbia® The Guidebook lays out targets for reducing
runoff volume to achieve watershed protection objectives. The Grester Vancouver Regiond Didtrict
(GVRD) recently completed a study to evauate the effectiveness of a suite of such stormwater source
controls with these targets in mind. The results of the GVRD study are incorporated in the Guidebook.

In order to answer questions about the effectiveness of source controls, the GVRD's consultant developed
and gpplied a water baance modd, an interactive tool that can smulate the performance of impervious
controls, absorbent landscaping, infiltration facilities, green roofs and rainwaer harvesting under various
devdopment scenarios. After exploring the capabilities of the modd, a group of municipd, regiond,
provincid and federa government representatives saw the potentid to use it to integrate volume-based
andyds of sormwater management drategies into land use planning throughout British Columbia.

An Inter-Governmenta Partnership was sruck in the summer of 2002 to secure access to the modd and
develop a more user-friendly verson, to be caled the Water Balance Model for British Columbia. The
Inter-Governmental  Partnership is chaired by the BC Ministry of Agriculture, Food and Fisheries, and co-
chared by Environment Canada. The GVRD is the hogt organization, providing logigicd support as
required. A number of municipalities are currently engaged in the project, and others who share an interest



are invited to join as the project evolves. The end result will be a user-friendly modd that can be used to
inform and evaduate land use planing decisons for ther &bility to meet dormwater management
objectives, both at the scale of the individua development Ste and the watershed.

In Phase 1, to be completed by June 2003, the existing water balance modd is being converted to a new
operating plaform complete with grephica user interface (GUI) that will dlow for more efficient data
sorage procedures, faster performance, increased portability, more flexible output options, and eader
technical enhancement as the State- of- the-science evolves.

Members of the Inter-Governmentad Partnership are participating actively in enhancement of the modd and
graphic user interface, and will be the first recipients of the resuiting Water Balance Model for British
Columbia (hereinafter referred to as ‘the WBM').  Subsequent project phases may involve fidd testing and
cdibration of key mode assumptions, and linking the mode to regiond GIS and precipitation databases.

Project Vision for WBM Application

A “project vison” is the image or undersanding of wha the project will accomplish, and what will be
different a the end of the project. The British Columbia Guidebook demondrates how to establish science-
based performance objectives to mimic the hydrology of a natura forest. This outcome can be achieved
through a combination of rainfal capture and runoff control techniques. The WBM is an extenson of the
Guidebook, and is intended to be a ‘decison support /scenario modding tool’ that will hdp locd
governments and landowners make better |land development decisions.

The over-arching project god in enhancing the WBM is to facilitate changes in land development practices
s0 that in future dtes and subdivisons will be designed to function hydrologicdly like a naturd forest thet
has 10% impervious area. To accomplish this god, the GUI (graphical user interface) for the WBM must be
easy to understand and smpleto use.

The enhanced WBM will be an Access-based, web-accessble platform. There are two audiences for the
model output: engineers and planners who want detailed data; and eected councils and the public who want
only the big picture. Account access privileges will be tiered as follows:

o Public access will be to the completed product and with limited model flexibility.

a Proect partners will have access to deveopmenta models, including opportunities to download mode
databases.

o Scientific authority will have access to manipulate agorithms, manage and update user profiles.

A diginguishing feature of the WBM is the level of detal tha it endbles with respect to dte design. This
provides a Sgnificant cgpability to test ‘what i’ scenarios rdated to zoning bylaw changes.

Reducing the Volume of Runoff

Drainage engineers have traditiondly thought in terms of flow rates rather than volumes. In fact, @ the dte
level, we need to focus on how much rainfal volume has falen, how to capture the excess, and what to do
with it. British Columbia is leading the way in North America in developing and implementing innovetive
criteria and methodol ogies for reducing excess runoff volumes at the source, whererain fals.



What the Science is Telling Us

A stience-based understanding of how land development impacts watershed hydrology and the functions of
aquatic ecosysems provides a solid bass for making decisons to guide early action where it is most
needed.

The stience is explicitly telling us that mgor biophysical changes occur once the impervious percentage of
a watershed reaches about 10%. Beyond this threshold, a change in the water baance may trigger be
expected to trigger watercourse eroson, which in turn would degrade or diminate aguatic habitat. This
implies that, where urban land use dendties gpproach this threshold leve, the focus should be on what
needs to be done a the dte levd to effectivdy mimic a watershed with less than 10% impervious area and
reduce runoff volumes to smilar levels. As documented in the British Columbia Guidebook, the science
adso indicates that capturing rainfdl a the source for the frequent, lower intendty events will in large part
help maintain or restore the natural Water Baance.

Research on the Effects of Urbanization on Fish

Aquatic habitats that influence the dundance of sdmon and trout are the outcome of physicad, chemicd and
biological processes acting across various scales of time and space.  The environmenta conditions that
result from these processes provide the habitat requirements for a variety of species and life hisory stages
of fish and other stream organisms.

Decline of Wild Salmon

Whether in pristine or heavily urbanized watersheds, the basc requirements for survival of sdmon and trout
are the same. These basic requirements include: cool, flowing water free of pollutants and high in dissolved
oxygen; grave subgtrates low in fine sediment for reproduction; unimpeded access to and from spawning
and rearing areas, adequate refuge and cover; and sufficient invertebrate organisms (insects) for food.

Over the past century, sdmon have disgppeared from over 40% of their higtorica range, and many of the
remaning populations are severdy depressed (Nehlsen et al. 1991). There is no one reason for this decline.
The cumulative effects of land use practices, including timber harvesting, agriculture and urbanization have
al contributed to significant declines in sdmon abundance in British Columbia (Hartman et al. 2000).

Puget Sound Findings

In the Puget Sound region of Washington State, a series of lesearch projects have been underway for over
10 years to identify the factors that degrade urban streams and negatively influence aguatic productivity and
fish survivd. The dreams and dtes under examination represent a range of development intengties from
nearly undisturbed watershed conditions to watersheds that are dmost completely developed in residentia
and commercia land uses (Horner 1998).

For each watershed, detalled continuous smulaion hydrologic modes were prepared and calibrated to
rainfadl and runoff data Physca dream habitat conditions, water qudity, sediment compostion, sediment
contamination, and fish and benthic organism abundance and diversty were measured and documented for
eech Ste.

The dudies found that stream chamnd ingability is a result of the urbanization of watershed hydrology. The
dteration of a naturd stream’s hydrograph is a leading cause of change in indream habitat conditions. The
physcd and biologicd messures generdly changed most rapidly during the initid phase of watershed



development, as total impervious area changed from 5% to 10%. With more intensive urban development
in the watershed, habitat degradation and loss of biologica productivity continues, but a a dower rate
(Horner 1998).

The role of large woody debris in streams was recognized as a key factor in creating complex channel
conditions and habitat divergty for fish. Both the prevdence and qudity of large woody debris declined
with increesing urbanization. In addition, development pressure has had a negative impact on streamsde
(riparian) forests and wetlands, which are critical to naturd stream functioning.

The impacts of poor water qudity and concentrations of metals in sediments did not show sgnificant impact
to aguatic biologicd communities until urbanization incressed above approximatedy 50% totd impervious
area.

Indream habitat conditions had a sgnificant influence on aguetic biota Streambed qudity, including fine
sediment content and channd dtability, affected the benthic macro invertebrate community (as measured by
the multi-metric Benthic Index of Biologicd Integrity (B-1BI) developed by Kar (1991)). Negative
impacts to fish and fish habitat from sedimentation related to urban development have been documented
(Reid et al. 1999). The compogtion of the sdmonid community was dso influenced by a variety of
ingdream physical and chemicd attributes.

Summary of Puget Sound Findings

Alterations in the biologicd community of urban Streams are a function of many varigbles representing
conditions that are a result of both immediate and remote environmenta conditions in a watershed. The
research findings clearly demondrate that the most important impacts of urbanization that degrade the
hedth of streams, in order of importance, are:

a Changesin hydrology

a Changesinriparian corridor

o Changesin physcd habitat within the stream, and
o Water qudity

British Columbia Findings

Within the Georgia Basin of British Columbia, populaion pressures have caused urban sprawl, resulting in
habitat loss (B.C. MELP 2000). Freshwater fish population declines in this region are a partid result of
rapidly expanding urban development (Saney 1996).

The aguatic ecosystems most directly affected by urbanization are the smal sreams and wetlands in the
lowlands of the Georgia Basin and lower Fraser River Vdley. These ecosystems are criticad spawning and
rearing habitat for severa species of native salmonids (both resident and anadromous). In the Lower Fraser
Vdley, 71% of streams are consdered threstened or endangered, and a further 15% have been logt
atogether as aresult of urban growth (B.C. MELP 2000).
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A Science-Based Understanding

The widespread changes in thinking about stormwater impacts that began in the mid to late 1990s reflect
new ingghtsin two aress

o Hydrology, and
o Aquatic ecology

These new indghts are the result of improved understanding of the causes-and-effects of changes in
hydrology brought about by urban development, and the consequences for aquatic ecology. As we gain new
knowledge and understanding of what to do differently, a central issue for watershed protection becomes:

o What isthe proper balance of science and policy that will ensure effective implementation and
results?

King County in Washington State addressed this question in 1999 as part of the Tri-County response to the
liging of chinook sdlmon as an endangered species in Puget Sound. A dgnificant finding was that scientists
and managers think and operate differently. Thisled to the following recommendations.

o An inteface is needed to trandate the complex products of science into achievable gods and
implementable solutions for practical resource management.  This interface is what we now cdl
a science-based understanding.

o A redity for locd government is that management decisons need to be made in the face of
ggnificant scientific  uncertainties aout how exactly ecosysems function, and the likey
effectiveness of different recovery approaches.

o The best path forward is a dynamic, adgptive management gpproach tha will adlow locd
governments to monitor the effectiveness of ther regulatory and management drategies and
make adjustments as their understanding grows.

o In a co-evolving sysem of humans and nature, surprises are the rule, not the exception; hence,
reslience and flexibility will need to be built into the management system.

Through a science-based undergtanding of the relationship between hydrology and aquatic ecology, the
British Columbia Guidebook has derived a comprehensve set of water baance, hydrology/water quality
and biophysical objectivesthat provide an over-arching framework for watershed protection.

Eliminate the Source of Problems

Underganding the cause-and-effect relationship between hydrology and biology has provided the basis for a
paradigm-shift in gormwater management in British Columbia - from a traditionad approach that only deals
with conseguences, to one that adso eliminates the sources of problems.

Deding with consequences is the traditiond end-of-pipe engineering gpproach tha is reactive in solving
problems dfter the fact. Eliminating the causes of problems involves an integrated approach to source-
control that is proactive in preventing problems from occurring.

In addition to being a partner in both the Guidebook and WBM initiatives, the GVRD has aso developed
Integrated Sormwater Management Planning - Terms of Reference Template® as part of its regulatory
commitment to the Province. The Template supports and encourages the use of the water baance
methodology for both greenfidd and retrofit watersheds, particularly to assess the effectiveness of
stormwater source controls.



Regulatory Overview

In British Columbia, the Local Government Act has vested the respongbility for drainage with
municipdities.  With the datutory authority for drainege, locad governments can be held liable for
downstream impacts that result from changes to upsiream drainage patterns — both volume and rae. The
Act dso enables locd governments to be proactive in implementing sormwater management solutions that
are more comprenensve than past practice. Furthermore, a stormwater component is a requirement for
approved Liquid Waste Management Plans (LWMPs). Guiddines for developing an LWMP were first
published in 1992. LWMPs are created by locad governments under a public process in co-operation with
the Province.

An Official Community Plan Provides the Foundation for a Stormwater Management Plan

There is a dear link between the land use planning required of loca governments in the Local Government
Act and the LWMP process. In most cases where an Official Community Plan (OCP) is in place, the local
government planning statement (bylaw) will form the bass for an LWMP. The purposes of an LWMP are
to minimize the adverse environmental impacts of the OCP and ensure that development is consggtent with
Provincid objectives.

OCPs tend to be led by planners, with input from engineers on infragtructure sections. LWMPs tend to be
led by engineers, with little o no input from planners. Both processes involve approva by a Locad Council
or a Regiond Board. In some cases, an LWMP process may be a trigger that focuses attention on
sormwater management.  In other cases, public concern related to flooding or habitat loss may be the
trigger. An OCP public process may communicate public interest in rasing loca environmenta and habitat
protection standards. Whatever the motivation, a the end of the process an OCP should include gods and
objectives for stormwater management. These gods and objectives, or a variant of them, might first resde
in an LWMP, and then be adapted to the OCP in the next review process. Or they may originae in the OCP
process, and then be detailed through an LWMP. Either approach is entirely acceptable.

Integrated Stormwater Management Planning

In British Columbia, the term Integrated Sormwater Management Plan (ISMP) has gained widespread
acceptance by locd governments and the environmental agencies to describe a comprehensve approach to
dormwater planning. The purpose of an ISMP is to provide a clear picture of how to be proactive in
aoplying land use planning tools to protect propety and aguaic habitat, while a the same time
accommodating land development and population growth.

Stormwater Planning: A Guidebook for British Columbia

Stormwater management in British Columbia is a key component of protecting qudity of life, property and
aquatic ecosystems. The science and practice of stormwater management is congantly evolving, in British
Columbia and around the world.  Within British Columbia, the range of stormwater management activity
varies from completely unplanned in many rurd aress, to State-of-the-art in some metropolitan centres. The
purpose of Stormwater Planning: A Guidebook for British Columbia is to provide a framework for
effective sormwater management that is usable in dl areas of the province.
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The Guidebook presents a methodology for moving from planning to action tha focuses the limited
finencid and daff resources of governments, nongovernment organizations and the development
community on implementing early action where it is most needed. The Guidebook is organized in three
parts. Part A defines the problem, Part B provides solutions and Part C defines the process. The Guidebook
provides a comprehensve understanding of the issues and a framework for implementing an integrated
approach to stormwater management. Case study experience underpins the approaches and drategies that
are presented in the Guidebook.

Guidebook Overview

Part A — Why Integrated Stormwater Management?

Pat A identifies problems associated with traditional stormwater management and provides the rationde for
a change from traditiond to integrated Sormwater management. Some guiding principles of integrated
sormwater management are introduced. Pat A adso builds a science-based understanding of how naturd
watersheds function and how this function is affected by land use change.

Part B — Integrated Stormwater Management Solutions

Pat B outlines the scope and policy framework for integrated stormwater management, and presents a
three-step, cost-effective methodology for developing ssormwater solutions.

Step #1 - ldentify At-Risk Drainage Catchments: A methodology is presented for identifying a-risk
drainage catchments to focus priority action. The methodology relies on a roundtable process that brings
together people with knowledge about future land use change, high-value ecologica resources and chronic
flooding problems. Thekey is effective integration of planning, engineering and ecological perspectives.

Step #2 - Set Preliminary Performance Targets: A methodology is presented for:
o Developing watershed peformance targets based on Ste-specific ranfdl data, supplemented by
sreamflow data (if available) and on-dte soilsinvestigations

o Trandaing these peformance targets into design guiddines that can be gpplied a the dte levd to
mitigate the impacts of land development

This portion of the Guidebook aso documents British Columbia case studies of stormwater policies and
science-based performance targets applied to both greenfield and urban retrofit scenarios.

Step #3 - Select Appropriate Stormwater Management Site Design Solutions: Guidance is provided for

secting appropriate dte desgn solutions to meet peformance targets source control and  runoff
conveyance. Case study examples are provided of:

o Design and performance of ssormwater source controls for various land uses
o Watershed scade modelling of the effectiveness of site design solutions



Part C — Moving from Planning to Action

Part C describes a process that will lead to better sormwater management solutions.  The role and design of
action plans are introduced to bring a clear focus to what needs to lke done, with what priority, by whom,
with related budgets. Tips are provided on processes that produce timey and high-quality decisons. Part C
adso provides guidance for organizing an adminidrative sysem and financing drategy for stormwater
managemert. A find section on building consensus and implementing change describes how to develop a
shared vison and overcome barriers to change.

Two acronyms, ADAPT and CURE, provide a useful summary of the principles and elements of

integrated stormwater management, as described below.

ADAPT - The Guiding Principles of Integrated Stormwater Management

The acronym ADAPT summarizes five guiding principles for integrated stormwater management.  The
Guidebook is based upon these five principles.

Qgree that stormwater is a resource

Oesign for the complete spectrum of rainfall events

oct on a priority basis in at-risk drainage catchments

Q lan at four scales — regional, watershed, neighbourhood & site

G est solutions and reduce costs by adaptive management

Guiding Principle 1 - Agree that Stormwater isa Resource

Stormwater is no longer seen as just a drainage or flood management issue but aso a resource with
both benefits and del eterious effects on:

o fish and other aguatic species

o groundwater recharge (for both stream summer flow and for potable water)

o water supply (eg., for livestock or irrigation)

O aesthetic and recreationa uses
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Guiding Principle 2 - Design for the Complete Spectrum of Rainfall Events
Integrated stormwater solutions require Ste design practices that provide:

o Rainfall Capture for Small Storms (runoff volume reduction and water quality control) — Capture
the low intendty, frequently occurring rainfal events a the source (building lots and dreets) for
infiltration and/or re-use.

o Runoff Control for Large Storms (runoff rate reduction) — Store the runoff from the infrequent large
gorms (eg., a mean annua rainfdl), and rdease it a rate that gpproximates the natura forested
condition.

o Flood Risk Management for the Extreme Storms (peak flow conveyance) — Ensure tha the drainage
system can safely convey extreme storms (e.g., a 100-year rainfal).

The Integrated Strategy for Runoff Volume Management

Guiding Principle 2 forms the foundation of integrated stormwater solutions that mimic the most efective
dormwater management sysem of al - a naturdly vegetated watershed. The ‘integraied strategy’ for
managing the complete spectrum of rainfal events is built around an underganding of the Naurd Water
Bdance. The drategy has three components— retain the smdl frequent events, detain the large events, and
convey the extreme events - asillustrated below.

Total Rainfall Volu
Typical
75% 20% Rainfall
Small Storms Large Storms Volume
Distribution
Evapor ation- l.l NS NS
Transpiration | Rainfall Capture || Runoff Control Flood Risk
I Management | Stormwater
B [ nfiltrateor Reuse | Provide Storageto Management
Reuse Small Stormsat the | Control the Rate Strategy for
Sourceto Reduce | of Runoff from Impervious
Total Runoff Volumelf  Large Storms Areas
Hydrologic
Pathway

Runoff

Groundwater ‘ e iine Ay

I ntegrated Strategy for Managing the
Complete Spectrum of Rainfall Events
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The WBM enables modelling of dl three components of the integrated Strategy. It can be used to evduate
how wel dternative drategies (including combinations of stormwater source control and off-dte detention)
can reduce the runoff from development aress, and how this trandates into benefits at the watershed leve.
Source control options include bioretention, infiltration facilities, rainwater cepture and re-use, and green
roofs. The WBM can dso be used to evduate the impacts of population growth and climate change
Scenarios.

The Target Condition for a Healthy Watershed

The target condition for any watershed is defined by the Water Bdance, water quaity and sreamflow
characterigics of that watershed with less than 10% impervious area The target relates to existing
conditions for rdatively undeveloped watersheds (i.e, new development scenarios) and historical
conditions for developed watersheds (i.e., retrofit scenarios). In order to achieve the target condition, the
totd annud runoff volume must be limited t010% (or less) of totd annud rainfdl volume. This means tha
9% of annud ranfal must be retuned to naturd hydrologic pathways (eg., infiltration and evapo-
trangpiration) or harvested for re-use. Capturing the frequent smdl rainfal events a the source will, in large
part, maintain or restore the naturd Water Baance and achieve the above targets. The Guidebook explains
how to achieve the above water baance targets at the Ste scale, and how to apply the Water Balance Model
to assess the feashility of reducing runoff volume at the watershed scade over time in conjunction with land
redevel opment.

Comparison with Conventional Stormwater Management

Conventiond  ‘flows-and-pipes  dormwater management is limited because it focuses only on the fast
conveyance of the extreme sforms and often crestes subgantid eroson and downstream flooding in
receving sreams.  Similarly, a detention-based gpproach is only a partid solution because it dlows the
sndl sorms that comprise the bulk of totd rainfal volume to continue to create eroson and impacts on
downstream aquatic ecosystems. Neither of these approaches fully prevents the degradation of aguetic
resources or flooding risks to property and public safety. In contrast, the Guidebook approach is to eiminate
the root cause of ecologica and property impacts by designing for the complete spectrum of rainfal events
Solutions described in the Guidebook include conventiond, detention, infiltration and re-use approaches for
rainfall capture, runoff control and flood risk management.

Guiding Principle 3 - Act on a Priority Basis in At-Risk Drainage Catchments

Focus priority action should be focused in at-risk drainage basins where there is both high pressure for land
use change and a driver for action. The latter can be either:

o ahigh-vaue ecologica resource thet is threstened
O  an unacceptable drainage problem

The dormwae management polices and techniques implemented in  a-risk cachments become
demondtration projects.



Guiding Principle 4 - Plan at Four Scales — Regional, Watershed, Neighbourhood and Site

Integrated stormwater management must be addressed through long term planning a each of the regiond,
watershed, neighbourhood and Site scales.

a
a

At the Regional and Water shed L evels — Establish sormwater management objectives and priorities

At the Neighbourhood Level — Integrate stormwater management objectives into community and
neighbourhood planning processes

At the Site Level — Implement Ste design practices that reduce the volume and rate of surface runoff
and improve weater quality

Guiding Principle 5 - Test Solutions and Reduce Costs by Adaptive Management
Performance targets and stormwater management practices should be optimized over time based on:

a
a

monitoring the performance of demondtration projects
Srategic data collection and modeding

As success in meeting performance targets is evaluated, the stormwater management program can be
adjusted as required.

CURE - The Elements of an Action Plan
The acronym CURE focuses atention on the four key types of actions that must al work together to
implement integrated ormwater management solutions:

a

CAPITAL INVESTMENT — Short-term capitd invesment will be needed to implement early action in
a-risk drainage basns. Improvements to exiding drainage system are often the most sgnificant capitd
invesments required. A financing plan should provide an ongoing source of funds for watershed
improvements.

UNDERSTANDING SCIENCE — Improved understanding of a watershed, the nature of its problems,
and the effectiveness of technicd solutions is key to an adgptive gpproach. Stormwater management
practices can be optimized over time through the monitoring of demondration projects, combined with
s ective data collection and modeing.

REGULATORY CHANGE — Changes in land use and development regulations are needed to achieve
sormwater performance targets. Changes to land use planning and Site design practices are needed to
eliminate the root cause of sormwater related problems. These changes must be driven by regulation.

EDUCATION AND CONSULTATION — Changes to land use planning and Ste design practices can
only be implemented by building support among city daff, the generd public and the development
community through education and consultation.



Translating a Vision into Action

It is important to edtablish a long term shared vison a the dat of any watershed planning initigtive. A
visgon that is shared by dl stakeholders provides direction for a long-term process of change. The vison
becomes a destination, and an action plan provides a map for getting there. Actions plans must be long term,
corresponding to the time frame of the vison. Action plans mus dso evolve over time. Ongoing
monitoring and assessment of progress towards a long term vison will improve understanding of the policy,
sience and dte design componerts of integrated sormweater management.  This improved understanding
will:

0 Lead to the evolution of better land development and stormwater management practices

o Enable action plansto be adjusted accordingly

An adaptive management agpproach to changing stormwater management practices is founded on learning
from experience and adjusting for congtant improvement.

Building Blocks

The Guidebook eaborates on three fundamenta objectives that become building blocks for a long-term
process of change:

o Achievable and Affordable Goals - Apply a science-based approach to create a shared vison for
improving the hedth of individua watersheds over time

o Participatory Decison Process - Build stakeholder consensus and support for implementing change,
and agree on expectations and performance targets

o Political Commitment — Take action to integrate sormwater management with land use planning

The Water Balance Model: A Tool for Stormwater Source Control
Modelling in a Watershed Context

For the past thirty years, there las been a fixation on pesk flow control through the use of detention ponds
for dl flood events from the 2-year through 100-year floods, and the conveyance of mgor flood events
caused by urban developments of al kinds. The recently developed software focus has been on the user
interfaces, but not on the hydrology engine; and certainly not on improvementsin the science of infiltration.

Traditiond applications of hydrology modds reflect “pesk flow thinking” at a watershed or macro scae.
But the modds may not be appropriate for smulating what happens at the ste scae, nor for assessng the
effects of storm runoff volume changes caused by urban development.

The missng link in urban hydrology has been a tool that quantifies the bendfits in terms of reducing
gormwater runoff volume a the Ste levd, of ingdling source controls under a variety of circumstances.
The water balance modeling approach was developed to demonsirate how to meet performance targets for
water badance management a the dte, neighbourhood, drainage catchment, and watershed scaes. The
WBM assds locd governments to integrate land use planning with volume-based andysis of stormwater
management Sirategies.



The volume-based approach that is being implemented in British Columbia picks up the baton that Dr. Ray
Lindey started more than a generation ago. As a professor of Civil Engineering a Stanford University, and
later as a conaulting engineer, Lindey pioneered the development of continuous hydrologic Smulation as
the foundation for water baance management. He has received world-wide recognition for his vison and
his contributions to the field of hydrology and continuous hydrologic smulation modelling:

= In the 1960s, Lindey championed the paradigm-shift from empiricad rdaionships to computer
amulaion of hydrologic processes. He had little or no use for “smple hydrology” and the many
smple equations that were used to represent the hydrologic cycle.

= Lindey fought a difficult war to replace the established procedures thet had been used for many
years, and that continue to be used in most urban hydrologic analyses throughout North America and
in other locations around the world. He believed that continuous smulation was the only hydrology
that should be used for most design and andysis applications.

» Lindey's pionearing efforts resulted in devedopment of the wdl-known HSPF Modd. This continues
to be the hydrologic smulation tool of choice in many parts of North America, notably Washington
State where its use is mandated by the Depatment of Ecology, even though it is a complex model
with great datainput needs.

Somewhat ironicdly, the “hydrology enging’ for HSPF and other contemporary modes (such as SWMM)
is based on 1930s and 1940s science. Asreported by Lindey in a1976 article:

= In 1933 - Horton firs proposed the concept of infiltration, which is at the heart of continuous
smulation.

»= In 1934 - Zoch firg suggested the use of routing to develop the runoff hydrograph.
= In 1942 - Lindey and Ackerman introduced the idea of continuous soil moisture accounting.

The power of the WBM is in the engine tha ingantly, interactively, and transparently modds hydrologic
processes a the ste level, induding the processes that govern the movement of water through soil and
vegetation. This engine incorporates agorithms that smulate how runoff is generated a the sSte levd and
generates a continuous Smulation of the runoff from a devdopment dte, neighbourhood, drainage
catchment, or watershed. The WBM smulates five source control categories:

Impervious Controls
Absorbent Landscaping
Infiltration Facilities
Green Roofs

Ranwater Re-Use
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The WBM provides locd governments with the means to integrate land use planning with stormwater
management. It is a decision support and scenario modelling tool that is used to:

o Visudizethe ‘how to' details of source control implementation
o Mode scenarios a the Site, neighbourhood and watershed scales
o Make decisonsthrough ascientifically defensible, interactive and transparent process.



The WBM has awide range of gpplication possbilities, including:

Design of volume-based stormwater controls

Site performance assessment

Evauating opportunities for urban retrofits

Volume-based watershed trading for urban stormwater management
Watershed management optimization

Andyssof changesinranfal patterns

Public education and outreach
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The WBM has enabled evaduation of the hydrologic peformance of stormwater source controls (eg.,
bioretention, infiltration facilities rainwater cgpture and re-use, green roofs) and stormwater detention. It
provides a continuous smulation of the runoff, given these inputs.

Continuous rainfal data (any time increment)
Evapotrangpiration data

Extent and didtribution of land use types

Site design parameters for each land use type

Soil and groundweter information

Information on stormwater controls

Seasond changein rainfdl patterns due to climate change
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The sengtivity of source control performance to any of these modd inputs can be tested by comparing
modelled scenarios. The output hydrograph generated by the WBM can become an input to a wide range of
hydraulic routing modds. WBM hydrographs represent a mgor improvement over conventiond hydrologic

amulaion. In the Greater Vancouver Region, the WBM has been used to assess the potential for urban
watershed restoration over a 50-year timeframe. The WBM has made it possible to:

o ldentify affordability and feashility thresholds
o Devdop evaudion criteriafor cost- benefit andyss
0 Generate watershed-specific performance relationships

The fallowing figures illusrate the types of reaionships that have been developed usng the WBM, and
that are presented in the Guidebook:

Achievable Level of Runoff Volume Reduction
Using Infiltration Facilities . .
North Surrey Rainfall (wet year, 1999) Whae g)lls ha\/e majl u_rn_ or
100 ydrautic Conductiviy better hydraulic conductivity,
%0 /| of Local Soils runoff volume could be
R 7 A reduced to about 10% of total
Ec 70 4 ranfall for all but the highest
= 5§ 60 —7 Low (25 mmin) coverage land uses.
§ T 50 /
x©X o
'g, 5 ;‘2 | o s Significant Ialglsof runoff
= / mm/ volume reduction can aso be
> No St C | . . . .
. — / osoureeoniol | achieved in soils with poor
o < hydraulic conductivity.
y . y ! j commercial "
20 30 40 50 60 70 80 90 100
Percent Impervious Lot Coverage

467



Infiltration Facility Performance (Runoff Rate Reduction) Reductions in runoff rates
50% lot coverage (e.g. single family) Hydraulic L'gr‘g infiltration faj"ti(?s
Conductivity of depend on the hydraulic
257 : Local Soils conductivity of locd soils
_ " < | — xenr])//hl_)ow ( and t.he 6‘mOl.Jnt.Of area
R \ | Feasibly provided for infiltration.
g £ § 15 \:\ Low (2.5 .
£l T~ —_— mm/h) Affordability thresholds
2587 iordhorty | govem infiltration fadility
S 25 Thredhold Tl e | | Sizesfor lower surface
S_.) ) | I: | | than 13 mm/h) COV-er@e |md Uses, md
0 ; 10 s 0 ”5 No Source feas Ipl lity thresholds govern
% of Lot Used for Infiltration for hlghe coverage land
USes.
Summary

Recent gormwater initiatives in British Columbiainclude:

a Publication of Stormwater Planning : A Guidebook for British Columbia

o Publication of I ntegrated Stormwater Management Planning - Terms of Reference Template

o Development of the Water Balance Model for British Columbia

o Evdudionof Stormwater Source Control Effectiveness at the site, neighborhood and watershed scaes

To protect property, aguatic habitat and water quality, British Columbia has.
o Recognized thelogicd link between surface runoff volume and impacts on watershed hedlth
o Embraced the integration of land use planning with sormwater management

o Edablished peformance objectives for desdgning communities that function hydrologicdly like
naturaly forested systems

The paradigm-shift from an agpproach tha only deds with consequences, to one that adso diminates the
causes, has resulted in are-invention of urban hydrology:

o Therewasaneed for atool that redigtically smulates how runoff is actualy generated at the Site leve
a TheWBM isasormwater planning and site design tool that evolved in two stages:
Initidly through the Burnaby Mountain Project — to achieve watershed protection objectives

Subsequently through the GVRD Project - to evauate the effectiveness of a range of source control
options (eg., absorbent landscaping, infiltration facilities, rainwaer re-use, green roofs) under a
range of operating conditions (i.e., land use, soil and rainfdl)



Conclusion

The Water Balance Model for British Columbia provides an effective decison support tool for loca
governments to integrate land use planning with stormwater management, and to evauate the potentid for
developing or re-developing communities that function hydrologically like naturally forested or vegetated
systems. The todl creates an understanding of how, and how well, stormwater source control strategies for
runoff reduction would be expected to achieve watershed protection and/or restoration objectives
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